This article presents an estimate of the equilibrium real exchange rate for Tunisia using the model of Edwards (1998) and Elbadawi (1994). We calculate the distortion between the actual RER and the equilibrium RER and the misalignments related thereto. The study period was marked by phases of overvaluation and undervaluation of the RER.
Introduction
The evolution of a country's competitiveness vis-à-vis the rest of the world can be assessed by comparing the real effective exchange rate (REER) to its equilibrium level, or by determining the RER misalignment. Thus, the latter is defined as the difference between the actual real exchange rate and the equilibrium real exchange rate. The RER is overvalued when it is appreciated relative to its equilibrium rate, while, it is undervalued when it is depreciated compared to RER of Balance. Misalignment, whether positive or negative, reflects a bad exchange rate policy, which may lead to the crisis (the Asian crisis of the 90s).
Theoretically, the overvaluation of the national currency has a negative effect on growth and economic performance. Indeed, it leads to a misallocation of resources (Edwards, 1988 (Edwards, , 1989 Dornbusch, 1988; Cottani & alii, 1990; Ghura & Grennes, 1993; Domaç & Shabsigh, 1999; Gylfason, 2002; Aguirre & Calderón, 2005; Easterly, 2005; Johnson & alii, 2007; Jongwanich, 2009; Diallo, 2011) . The persistence of overvaluation can be seen as a precursor to the crisis (Edwards, 1989 and 2000; Williamson, 1983 and Stein & Allen, 1995) , and which also constitutes a currency crash indicator (Krugman, 1979b; Frankel & Rose, 1996; Kaminsky & Reinhart, 1999) .
On the contrary, undervaluation appears to be more beneficial. It helps to boost the performance of the export sector and overall economic activity (Aguirre & Calderón, 2005) . Thus, it leads to an increase in the share of tradable goods in the national value added. However, it may be conducive to growth (Musyoki et al., 2012; Lévy-Yeyati & Sturzenegger, 2007; and Rodrik, 2009) , and lead to an increase in the share of tradable goods in national value added. According to LévyYeyati and Sturzenegger, undervaluation increases production and productivity. However, when it persists, it can cause economic overheating, which puts pressure on domestic prices and leads to a misallocation of resources between tradable and non-tradable goods sectors (Jongwanich, 2009) .
RER' Determinants

Terms of Trade and RER
In theory, the change in the terms of trade is regarded as an important source of fluctuations of RER. However, the final effect on the RER may not be known a priori because of the existence of two effects (Aliyu, 2007) : an income effect and a substitution effect -The income effect: following a reduction of import tariffs, the domestic price of import decreases. Thus, a positive income effect generates an increase in demand for non-tradable and importable goods .To absorb the excess demand for non-tradable goods, the non-tradable price must be increased and therefore, it generates an appreciation of the equilibrium RER; -The substitution effect: lower import tariffs make imports cheaper than non-tradable goods. Then, the excess supply of non-tradable goods will be corrected by a reduction in non-tradable prices, and thus by a depreciation of the equilibrium RER.
Briefly, the net effect of the terms of trade on the equilibrium RER depends on the dominating effect: if the income effect outweighs the substitution effect, then the improvement in the terms of the exchange will generate an appreciation in the RER (Domaç & Shabsigh, 1999; Bogoev et al., 200; AlShehabi & Ding, 2008) . Conversely, deterioration in the terms of trade tends to appreciate the equilibrium RER if the substitution effect is not only positive but also above the income effect. Otherwise, depreciation in the RER will take place.
Trade Opening And RER
The trade openness policy is a potential source that affects the RER. Thus, a tariff reduction can decrease the domestic prices of imports. This will generate a decline in prices of tradable goods, and therefore creates an appreciation of the RER. However, greater trade liberalization leads to a depreciation of the RER, since it allows for increased trade and price convergence (Goldfajn & Valdes, 1999; IEQ, 2003; Drine & Rault, 2005) . This depreciation allows to absorb excess labor from the importable goods sector (Goldfajn & Valdés, 1999 
Technological Progress and the RER
Technological progress can take two different forms: technological progress that increases the product 'income augmenting' and technological progress that increases the factors of production 'factor augmenting' (Balassa, 1964) .
• Technological progress 'income augmenting' increases real incomes, and thus it creates excess demand for consumables. Since technological progress is less important in the non-tradable goods sector than in the tradable goods sector, then the price of non-tradable goods will tend to increase more slowly than the price of tradable goods, an appreciation of the RER will take place.
• Technological progress 'factor augmenting' allows having a bigger production with the same quantity of production factors. Thus, the excess supply will be corrected by a fall in the prices of non-tradable goods and thus by a depreciation of the equilibrium RER (De Gregorion & Wolf, 1994) .
Capital Flows and RER
The long-term impact of foreign capital flows on the RER is associated with a real appreciation (Edwards, 1989 (Edwards, , 1994 Athukorala & Rajapatirana, 2003) . According to Toma (2006) , the effect of long-term capital movements depends on the use of these assets. If this capital has been used to promote the competitiveness of the economy and improve productivity in the tradable goods sector, then the final effect will be an appreciation of the RER. However, if the use of the capital flows generates an increase in consumption, then the initial appreciation of the RER will be followed by a real long-term depreciation. Edwards (1994) points out that liberalization of the capital account produces an appreciation of the equilibrium RER. Indeed, a reduction in taxes on external borrowing makes future consumption more expensive and encourages agents to substitute their future consumption for current consumption. Thus, there is pressure on the price of non-tradable goods while producing a real appreciation of the equilibrium RER. However, lowering taxes on external borrowing reduces distortions in the economy by creating a positive welfare effect through a positive income effect. The latter increases consumption and generates a real appreciation of the equilibrium RER.
Estimating the Misalignment of the Real Exchange Rate
The analysis of the behavior of the RER will be conducted following the co-integration technique applied to non-stationary series. Before proceeding to the estimation of the model, we will first describe the variables used in our regression.
Choice of Variables
We study the relationship between RER and some macroeconomic fundamentals that are considered relevant in our work, and which are also expected to influence internal and external macroeconomic balance. The fundamentals retained in our model were chosen based on theoretical analysis and data availability. The most statistically significant fundamental variables are productivity, terms of trade, trade openness and capital flows.
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They are calculated as the ratio of export prices (unit value index) to import prices (unit value index) of Tunisia. They may lead to real appreciation or depreciation depending on the significance of income effects and substitution effects.
Commercial opening (OP):
It is expressed as the sum of imports and exports relative to GDP. Given that the Tunisian economy is following a policy of trade liberalization, the relationship between openness and RER is expected to be negative.
GDP per capita (GDP)
It is represented by GDP per capita. It captures the Balassa-Samuelson effect that fast-growing countries tend to experience a real appreciation of their exchange rate.
Capital flows (FDI):
Capital flows are usually materialized in the form of FDI or portfolio investment (PFI). However, the IPF are not crucial sources of financing for the Tunisian economy, therefore they will not be included in our model. As a result, capital flows will be composed solely of FDI. Thus, an increase in FDI leads to a real appreciation of the exchange rate.
Current account balance (CAB)
A current account deficit leads to an increase in net external debt that can be financed by various international investments (MacDonald & Ricci, 2003; Chudik & Mongardini, 2007) . Since the Tunisian current account is still in deficit, expected relationship between the current account balance and the RER can only be negative.
The symbols and definitions of the different variables used in our model are described in Table 1 below. All these variables are expressed in natural logarithms (denoted lx for the variable x, except the variable 'current account balance'): The data in our study are annual and cover the period 1980-2015
Stationarity and Cointegration Tests
The Unit Root Test
The purpose of the unit root test is to determine the order of integration of the variables. The results of the ADF test showed that the variables are non-stationary in level since the ADF statistic is greater than the critical value. While, in first difference, all the variables are stationary because the ADF statistic is lower than the critical value. We deduce that all variables are integrated in the same order I(1).
Cointegration Test
The cointegration test allows us to check if there is a long-term relationship between non stationary variables. Two cases arise: in the absence of a wedge-integration relation, we estimate an autoregressive model, whereas, if there is a cointegeration relation, we must estimate an error-correction model (ECM). Table 4 . Results of maximal eigen statistics Johansen's trace and maximum eigenvalue statistics showed the existence of at least one cointegrating relationship. Thus, the trace test indicates the existence of five cointegrating vectors at 5%. While, the maximum eigenvalue statistics indicates the existence of three cointegrating vectors at 5%.
Estimation Results
Table 5 below presents the long-term relationship between RER and macroeconomic fundamentals. The negative coefficient corresponding to the trade opening variable supports the idea that trade liberalization is accompanied by a depreciation of the RER. Thus, a 10% improvement in the degree of openness of the Tunisian economy generates a real depreciation of around 6.2%.
For the variable 'terms of trade, the empirical results show that an improvement in the terms of trade leads to an appreciation of the RER, thus implementing an income effect that dominates the income effect. Then an Vol. 11, No. 1; 2019 improvement in the terms of trade of 10% leads to an appreciation of 6.5% of the real value of Tunisian dinar.
The long relationship between FDI and RER fits well into the theoretical predictions. Indeed, the cointegration coefficient for FDI is positive; indicating that an increase in foreign capital inflows leads to an increase in domestic demand whose reallocation of factors of production is in favor of non-tradable sectors. This rise in demand for non-tradable goods allows the real exchange rate to be raised in the long run. Thus, an increase in foreign capital flows of 10% generates an appreciation of 0.3% of the real value of Tunisian Dinar.
Regarding the relationship between the current account balance and RER, it fits well in the theoretical predictions. Thus, the current account deficit generates a real depreciation of the RER equilibrium.
The effect of per capita income on the RER contributes to long-run changes in the RER. The positive coefficient corresponding to the productivity variable implies that the economic development is accompanied by an appreciation of the RER (Balassa-Samuelson effect).
Regarding the short-term of the equilibrium RER, it was examined by estimating an error correction model (ECM). We note that the TOT, FDI and trade openness, exert on the RER the same effects already found in the long-term relationship. While, the GDP per capita and the current account balance occur in contrast to their effect under steady-state conditions.
The coefficient associated with the error correction term is negative and statistically significant. This indicates a gradual convergence of the equilibrium RER towards its long-term value.
To determine the equilibrium RER, it is necessary to replace the fundamentals by their sustainable values. Most authors choose to replace fundamentals with their multi-year moving averages (Edwards, 1989; El Badawi, 1994 ).
The following Figure shows the evolution of the actual RER compared to its equilibrium value. Once the equilibrium RER has been determined, it is possible to calculate the RER misalignment, which is defined as the difference between the actual RER (FMI base) and the equilibrium RER.
Analytically, the measurement of the misalignments is done according to the following formula:
is the equilibrium RER; is the actual RER. It can be seen in Figure A4 below that, before the adoption of the SAP, the divergence of the RER from its equilibrium value is very important. This discrepancy between the actual RER and its equilibrium value can only aggravate the country's economic crisis, which ended with a devaluation of the Tunisian Dinar under the SAP. Starting in 1988, the actual RER revolves around a constant value. Thus, the 1986 devaluation was justified by the model as that from 1988 to 1994 when the actual value of the RER merges with its equilibrium value. The end of the 90s was marked by an important underestimation, therefore, we can say that Tunisia could not preserve its competitiveness. During the period 2000-2015, except for the year 2006, Tunisia has sharply reduced the fluctuations in the value of its currency.
Conclusions
The aim of this paper is to estimate the equilibrium RER for Tunisia .The estimate covers 35 observations over the period from 1980 to 2015. First, we have determined the equilibrium RER by means of the cointegration relationship, and second, the equilibrium values of the fundamentals which are moving averages over three years. Then, the equilibrium RER is explained by economic fundamentals. Afterwards, we calculated the misalignment, which is the difference between the actual RER and the long-term RER.
The study period was marked by phases of overvaluation and undervaluation of the RER. Our study shows that an improvement in the TOT , an increase in the degree of openness, and a rise in income per capita lead to a long-term appreciation in the real exchange rate. In contrast, an increase in the degree of openness of the Tunisian economy and a deficit in the current account lead to depreciation in the real exchange rate. 
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